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First results on the polarization of A hyperons inclusively produced on 26.5-GeV/c K~ and T beams are pre-
sented. The measurements were carried out using the SPASCHARM setup at the U-70 accelerator facility

(Protvino, Russia) on nuclear targets in 2021 and 2022. The polarization of an A hyperon on the T beam

does not exceed several percent in most of the studied kinematic region. The data obtained on the K -meson
beam exhibit a significant positive polarization at large values of the Feynman variable xg and transverse

momentum p measured for the first time on nuclei.
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1. INTRODUCTION

The polarization of A hyperons in the exclusive

Kp— A’ reaction reaches its maximum possible
value Py = 0.98 = 0.15 at low (about 3 GeV) energy [1].
It is therefore of interest to measure the polarization of
A hyperons in an inclusive reaction at a higher energy,
especially in scattering on nuclei, which has not yet
been done.

The transverse polarization in the inclusive pro-
duction of A hyperons was discovered in 1976 in the
interaction of unpolarized 300-GeV protons with a
stationary beryllium target [2]. Contrary to expecta-
tions, the polarization turned out to be significant,
whereas it was assumed that a large number of various
final states containing a A hyperon would suppress all
polarization effects, yielding the total polarization
close to zero. It turned out that, on the contrary, sig-
nificant spin effects persist even at high energies. In
subsequent experiments, the polarization of A hyper-
ons was studied in various hadron—proton, hadron—

nucleus, and nucleus—nucleus interactions in a wide
energy range (see, for example, review [3]).

A number of theoretical, primarily phenomenolog-
ical, models have been developed that explain individ-
ual features of data [4—9].

The observed spin effects may be of a non-pertur-
bative nature associated with the spontaneous break-
ing of the chiral symmetry in QCD and the appear-
ance of an additional mass of about 300 MeV and a
large negative anomalous chromomagnetic moment
in the constituent quarks [9, 10]. The inhomogeneous
chromomagnetic field that arises during interaction of
hadrons, which leads to the effect of quark polariza-
tion, similar to the polarization of atoms in the famous
Stern—Gerlach experiment [11] can play an important
role in the emergence of hyperon polarization. The
precession of the quark spin in a strong chromomag-
netic field manifests itself as polarization oscillations
depending on xp. This approach makes it possible to
explain the phenomenology of polarization phenom-
ena within a single mechanism and make a number of
predictions that are critical for existing models [10].
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The main goal of the SPASCHARM (SPin ASym-
metries in CHARM production) [12] experiment con-
ducted at the U-70 accelerator complex is a systematic
study of spin effects in the inclusive production of var-
ious particles and resonances in the interaction of had-
rons at energies of several tens of GeV. The experiment
was carried out at moderate transverse momenta of the
produced particles, which correspond to the region of
nonperturbative quantum chromodynamics, where
perturbation theory is inapplicable. Such data are
essential for the development of a theoretical appara-
tus for this complex kinematic region. Measuring the
polarization of hyperons in reactions with meson
beams is of interest because the incident hadron con-
tains simultaneously quarks and antiquarks, including
strange ones.

2. EXPERIMENT

The transverse polarization of hyperons is possible
due to a weak decay occurring with spatial parity vio-
lation. In the decay of the A hyperon with transverse
polarization P into a T meson and a proton, the prob-
ability of proton emission at the angle 6, to the
hyperon polarization vector P has the form

dN _1+Pe, 1+0a,Pcosb,
dQ 4n 4r

where e, is the unit vector in the proton motion direc-
tion in the hyperon rest frame and o, = 0.732 £ 0.014

(itis assumed that ooy, = —ouz [13]). Due to the conser-
vation of parity in strong interactions, the vector P is
directed along the normal n to the plane of scattering
set by the momenta of the incident hadron p, and the

produced hyperon p.: n = (p, X p.)/Ip, X |-

The measurements were carried out at the Logunov
Institute for High Energy Physics, National Research
Center Kurchatov Institute on the beamline 14 at the
U-70 accelerator facility. The SPASCHARM setup is
described in detail in [14]. Negatively charged parti-

cles®m (~98%), K~ (~1.5%), and p (~0.3%) with a
momentum of 26.5 GeV/c were extracted to the setup
target. The beam particles are selected by a telescope
consisting of three scintillation counters. A counter
with a diameter of 14 mm, which is located at the input
of the target zone, limits the size of the beam used.

, (1)

Beam particles were identified by three threshold

Cherenkov counters. Two counters detected T
mesons and lighter particles, while the third also

recorded K mesons. The coordinates and angles of
the beam particles were measured by beam hodo-
scopes, including a high-precision fiber hodoscope
[15].

A set of seven different nuclear targets from carbon
to lead and an “empty” target were used in the mea-
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surements. The thickness of the targets was 5—10% of
the interaction length.

In 2021, an interaction trigger was used, while in

2022, the presence of a K~ meson in the beam was
additionally required, which made it possible to

increase the rate of K~ meson collection by a factor of
4 due to the suppression of 1 mesons. The admixture
of T mesons in the K~ meson beam, which is deter-
mined by the inefficiency of Cherenkov counters, does
not exceed 3% of their number. The interaction trigger
is formed when the signals from the beam telescope
coincide in the absence of a signal from the additional
BK (beam killer) trigger counter, located at the very
end of the setup (after the track detectors in front of
the electromagnetic calorimeter). The BK counter,
which has a diameter of 10 cm, records beam particles
that have passed the target without interaction.

Secondary charged particles are detected by pro-
portional chambers and drift tubes (57 layers in total).
To minimize systematic errors, track detectors of the
setup were optimized (by the selection of flowing
speed and operating voltage) [14], which ensured the
stability of all detectors of no worse than 0.3%. A
wide-aperture spectrometric magnet with a field inte-
gral of about 0.7 T m is used to measure the momen-
tum [16].

In total, 1.1x 10’ events were detected in 2021. The
number of events with identified beam pions and
kaons were 856 % 10° and 21.2 x 10°, respectively. In
2022, the number of identified beam particles is 67.1 X

106, of which 48.5 x 10° contained K~ mesons.

3. ANALYSIS OF EXPERIMENTAL DATA

The experimental reconstruction program is based
on the software package used in the PANDA experi-
ment at the Facility for Antiproton and Ion Research
(FAIR, Darmstadt, Germany) [17]. To reconstruct
the tracks of charged particles, a track search method
known as the Hough transform is used.

Secondary vertices corresponding to the point of
decay of the A hyperon into a proton and a T meson
are found for all combinations of secondary tracks of
the opposite sign. Next, the primary interaction ver-
tex, i.e., the intersection point of the A hyperon track
and the beam track, is found.

To obtain adjustments for the detection efficiency
and reconstruction of particle tracks in the
SPASCHARM setup, events obtained by the Monte
Carlo method are used. The events were generated
using the PYTHIA 8.212 generator [18]. The simu-
lated events were traced through the SPASCHARM
setup using the GEANT 3.2111 software package [19].
Since A hyperons are not polarized in the simulation,
these events can be used to adjust the hyperon detec-
tion efficiency in the SPASCHARM setup. We ana-
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Fig. 1. (Color online) Mass distribution of pm pairs in
the K~ beam.

lyzed 2 x 108 Monte Carlo events. The number of
Ahyperons reconstructed in Monte Carlo events is an
order of magnitude larger than their number in the
data; for this reason, their contribution to the statisti-
cal error of the measured polarization is insignificant.

The following criteria were applied to select the
required statistics.

e The presence of only one identified (x or K)
beam track.

e The presence of two or more reconstructed tracks
of secondary particles.

e The pairs of charged particles with opposite signs
were selected if they satisfied the following conditions:
(i) the distance between the tracks forming the sec-
ondary vertex is less than 0.4 cm, (ii) the distance
between the beam track and the track of the candidate
A hyperon is less than 0.4 cm, (iii) the distance
between the primary and secondary vertices along the
Z direction is larger than 18 cm, and (iv) the primary
vertex is located in the target region of the experiment.

Since secondary particles are not identified, the
following selection rules were additionally applied to
suppress the combinatorial background.

¢ To identify A hyperons, only pairs with o,p > 0
were selected, where o, p is the decay asymmetry vari-
able on the Armenteros—Podolyansky plot [20], i.e.,
the ratio of the difference-to-sum of the longitudinal
momenta of positively and negatively charged particles
in the laboratory coordinate system.

e The masses of the T mesons were assigned to
particles from the decay of a neutral secondary parti-
cle, while pairs with a mass in the range from 0.468 to
0.525 GeV/c? were excluded from the A hyperon can-
didates.

An example of the mass spectrum of the selected
combinations is presented in Fig. 1. The green, blue,
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Fig. 2. (Color online) Distribution of A hyperons by kine-
matic parameters inthe 1 4 — AX reaction.

and red lines present the background (B), which was
described by the convolution of the threshold and
exponential function; the A hyperon signal (.5), which
was described by the Gaussian distribution, and the
sum of the signal and the background, respectively.

The obtained width of the mass distribution is
o =(5.00 = 0.06) MeV/c? for the T beam and ¢ =
(5.16 £ 0.10) MeV/c? for the K~ beam. The integrals of
the functions used in the fit allow us to determine the
number of detected A hyperons (.5) and the signal-to-
background ratio (S/B): S = 43800 + 242 and S/B =
2.90 £ 0.03 for the pion beam, and .S = 8318 + 94 and
S/B = 13.28 £ 0.55 for the kaon beam. Figure 2 shows
the distribution of the selected pairs by kinematic

parameters for the reaction T A — AX . The variables
xp and py range from —0.2 to 1 and from 0 to
2.5 GeV/c, respectively. Due to the limited aperture of
the setup, these two variables are not absolutely inde-
pendent.

4. DETERMINATION OF A-HYPERON
POLARIZATION

The polarization of the A hyperon is calculated
according to Eq. (1). Since spatial parity is conserved
in the strong interaction, a nonzero polarization of the
hyperon is possible only along the normal to the plane
of scattering. In this case, the distribution is plotted as
a function of the cosine of the 6, angle between the
Yaxis and the proton momentum. Pairs pmt~ in the
mass range of 1.105—1.125 GeV/c? are selected as a sig-
nal, while pairs in the mass ranges of 1.077—
1.10 GeV/c? and 1.14—1.16 GeV/c* (outside the
A -hyperon peak) are used to estimate the background.
To obtain maximum statistics, all types of targets were
used. The average mass number of the targets is 62.
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Table 1. Polarization of A hyperonsin ® A4 and K~ A collisions for all nuclei

Results of measurements in T A interaction Results of measurements in K~ A4 interaction
1 (GEV/O), xp G@/’C ) | Pt N, é{;@’c () Pr% N,

All events 0.48 026 | 4.1+1.4 | 43800+ 242 0.51 030 |18.4+3.0 |8318+94
—0.5< xp < 0.14 0.33 0.06 |—6.7+3.0]10970+128 0.34 0.06 0.3+7.5 | 1416+ 40
0.14 < xp < 0.25 0.45 020 | 52+26 | 11509 127 0.45 020 |17.7+6.2 | 1821+ 44
0.25 < xp < 0.38 0.53 0.31 7.6+2.7 | 10881118 0.53 0.31 17.3+£5.2 | 241149
0.38 < xp < 1.0 0.61 0.51 | 69+2.8 | 11033+115 0.62 0.51  |29.9+56|2342+51
0.0 < pr <0.31 0.21 0.17 | 53+3.0 | 11067 +135 0.21 0.20 0.6+6.2 | 1912146
0.31 < pr <0.44 0.37 024 | -1.6+£3.0| 9722114 0.38 0.27 18.8+6.9 | 1656 £ 43
0.44 < pr < 0.61 0.52 0.28 29£2.7 | 11197 £116 0.52 0.31 23.7+6.3|1923£45
0.61 < pr <1.0 0.75 035 | 85+2.8 | 10324 %110 0.76 037 | 22.6+5.8|2058+47
1.00 < py < 2.5 1.17 046 |23.4%9.0| 1291+44 1.17 047  165.8+18.3| 309£18

The ratio S/B of the signal to the combinatorial
background for each xp and pr range determined in
accordance with Fig. 1 was used to calculate the nor-
malization coefficient by which the histogram for the
background should be multiplied when subtracting it
from the data under the peak. A similar procedure was
applied to Monte Carlo events, which allows us to
obtain, after background subtraction, distributions
over cos0, for “pure” Ahyperons both for the data and
for the Monte Carlo events. The ratio of the histo-
grams obtained in this way for the data and Monte
Carlo events yields distributions over cos6, for
Ahyperons adjusted for the detection and reconstruc-
tion efficiency.

The polarization of A hyperons is obtained by
approximating the distributions over cos6, in each of
the ranges of xp and p; by the expression dN/dQ =
N(1 + oy PycosB,) similar to Eq. (1), where N is the
normalization factor and Py is the transverse polariza-
tion of A hyperons, both are fitting parameters.

The following contributions to the systematic
uncertainty of the result were analyzed: (i) arbitrary
choice of the approximating function and the signal
range; (ii) errors in determining the efficiency of the
track detectors of the setup; (iii) inaccuracy of the
description of the experimental setup in the simula-
tion; (iv) contribution from the admixture of pions
and antiprotons in the kaon beam; and (v) exclusion of
the distribution over cos®, in the central region,

—0.25 < cos 0, <0.25, where the background contri-
bution is maximum, from the analysis. It was found
that the contribution of the first source is dominant
while other contributions can be neglected compared
to it. As the upper estimate of this contribution, the
polarization value without background subtraction in

the region of the A -hyperon peak was used. The mean
absolute value of the deviation of the estimated polar-
ization Py, in the cases with and without background
subtraction is an estimate of the total systematic error
€ in measuring the polarization. We obtained 5 =
0.019 and 0.017 for the ®~ and for K~ beams, respec-
tively.

5. RESULTS AND DISCUSSION

Results of measuring the polarization of A hyper-
ons on the m~ and K~ beams in the SPASCHARM
experiment are summarized in Table 1. Average values
of the Feynman variable xp and the transverse
momentum pr, as well as the transverse polarization
and the number of A hyperons with errors are pre-
sented. Figure 3 shows the A -hyperon polarization as
a function of (left panel) xg and (right panel) pr in both
reactions.

The value of Py inthe = beam at p; < 1 GeV/c (and
small xp) is small, while it reaches (23 + 9)% at pr >

1 GeV/c and ~0.4 < xg < 0.6. Our experiment has
provided the most accurate measurements of the
polarization for the specified reaction in agreement
with the results of previous experiments [21—26].

The polarization of the A hyperon on the K~ beam,
in contrast to m-beam data, features a significant
mean positive value (18 £ 3)%. The polarization
increases with xr and p. In the region pr > 1 GeV/c,
Py reaches (66 £ 18)%. A small (<3%) admixture of
©— mesons in the kaon beam can insignificantly
increase this value. It is noteworthy that a significant
number of A hyperons in our experiment are pro-

duced in decays of >’ hyperons, the polarization of A

JETP LETTERS  Vol. 120 No. 6 2024
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Fig. 3. Transverse polarization Py versus the (left panel) Feynman variable xg and (right panels) transverse momentum py in the
n A — AX and K~ A — AX reactions obtained at 26.5 GeV/c at the SPASCHARM experimental setup at the U-70 accelerator

facility (Protvino, Russia).

hyperons emerging in these decays being equal to that
of ¥° hyperons multiplied by a factor of —1/3 [27].

Taking into account the polarizations of A and >’
hyperons measured in the cited experiment on a pro-
ton beam, the contribution of these polarization can
diminish the measured polarization by up to 25%
compared to the polarization of “directly” produced
A hyperons. This observation refers to almost all
numerous experiments in which the polarization of A
hyperons was measured in inclusive reactions and
should be taken into account in theoretical interpreta-
tion of results.

The polarization of A hyperons on the K~ beam is
systematically several times larger than that on the T~
beam, which may be related to the presence of the
valence strange quark in the K~ meson.

The polarization of A on the proton beam in the

K p — AX reaction at xi > 0 is positive and increases
with xp and pr [23, 28—33]. Our experiment has pro-
vided the only data obtained on nuclear targets. Our
data also show that Py increases with py and xp. It is
worth reminding that these two variables are cor-
related in our measurements.

The comparison of the data obtained on the t~ and

K beams shows that the presence of a heavier valence
s quarks in the initial state results in a several times
larger polarization in the beam fragmentation region.
It is the s quark that is the spin carrier in the A hyperon
according to the naive quark model, while # and d
quarks form a spin-singlet state. Thus, the valence

squark from a K~ meson is polarized in the process of
interaction of the meson with a nucleon or nucleus

with a larger probability than a sea s quark from a
meson.

JETP LETTERS Vol. 120 No.6 2024

The increase in Py(pt) with pr can be explained by
the finer resolution of the structure of a hadron con-
sisting of quarks, which interact via color forces
according to QCD, at higher py values. At small p val-
ues, due to the uncertainty principle, an object as a
whole is colorless and color forces are absent, which
results in a decrease in the hyperon polarization [9, 10,
34]. The increase in Py(xg) in the region xi > 0 may be
due to the increased time during which color forces act
on the s quark in the model of chromomagnetic polar-
ization of quarks [9, 10, 34].

6. CONCLUSIONS

The polarization of the A hyperons inclusively pro-
duced in T A and K™ A collisions at a momentum of
26.5 GeV/c has been measured at the U-70 accelerator
facility. The polarization of A hyperons on the K~
beam has been measured for the first time on nuclear
targets.

The w -beam data exhibit an insignificant average
(Py) = (4.1£1.4)%) transverse polarization of
hyperons except for the region pr > 1 GeV/c, where the
polarization is (23 £ 9)%.

In contrast to the m -beam data, the polarization of
Ahyperons on the K~ beam, which contains valence
s quarks, has a significant average positive value
(Py) = (18 £3)%) and increases with xp and py. In
the region pr > 1 GeV/c, Py is as large as (66 £ 18)%.

The results obtained in the SPASCHARM experi-
ment are the world’s most accurate for such reactions.
Nevertheless, in future sessions, it is of importance to
increase both statistics and the accuracy of measure-
ments, which will make it possible to determine for the
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first time the dependence of the polarization on the
atomic number and to separately determine its depen-
dence on p and xp.
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